Background: The present study aimed at identifying the difference in the risk of microalbuminuria among individuals with various obesity phenotypes in terms of metabolic health and obesity. Methods: This cross-sectional study included 15,268 individuals and used data from the National Health and Nutrition Survey conducted from 2011 to 2014. Obesity was defined as body mass index ≥25 kg/m². Metabolically unhealthy was defined as meeting two or more of the following criteria: systolic and diastolic blood pressure ≥130/85 mm Hg or current use of hypertensive drugs; triglyceride level ≥150 mg/dL; high-density lipoprotein level <40/50 mg/dL (in both men and women); and fasting blood glucose level ≥100 mg/dL or current use of oral antidiabetic medications. The participants were further classified into four subgroups: metabolically healthy non-obese (MHNO), metabolically healthy obese (MHO), metabolically unhealthy non-obese (MUNO), and metabolically unhealthy obese (MUO). Results: A significant difference was observed in the microalbuminuria ratio among the four groups. The MHNO group was considered as the reference group, and the MHO, MUNO, and MUO groups were at an increased risk for microalbuminuria by 1.42 fold (95% confidence interval [95% CI], 1.03-1.96), 2.02 fold (95% CI, 1.61-2.53), and 3.40 fold (95% CI, 2.70-4.26), respectively, after adjusting confounding factors. Conclusion: The MUNO group had a higher risk of developing microalbuminuria than the MHNO group. Thus, based on this result, differences were observed in the risk of developing microalbuminuria among individuals with various obesity subtypes.
INTRODUCTION
The incidence of obesity continues to rapidly increase worldwide, and this condition does not only have health-related but also social, psychological, and economic impacts. In Korea, the estimated socioeconomic cost, including direct and indirect costs, of obesity was approximately $1,787 million ($1,081 million for men and $706 million for women). These total costs account for about 0.22% of the gross domestic product and 3.7% of the national health care expenditures in 2005 . 1) Moreover, obesity increases the risk for cardiovascular diseases and mortality 2) and is known as a risk factor for kidney diseases.
3) Metabolic disorder affects kidney function and is a well-known risk factor for cardiovascular morbidity and mortality. 4, 5) Although it is assumed that the presence of metabolic syndrome may influence the effect of obesity on cardiovascular and kidney functions, there is no consensus on this subject. [6] [7] [8] [9] [10] In particular, whether metabolically healthy obese (MHO) individuals have a better prognosis remains controversial. 10, 11) The pathophysiology of obesity and metabolic disorder can be partly explained by microvascular dysfunction. 12, 13) Microalbuminuria is a well-known marker of microvascular dysfunction. 14) This condition is defined as the excretion of albumin in the urine at 30-300 mg/d. It reflects early kidney injury and is associated with an increased risk for cardiovascular disease and mortality. 15) In addition, a study on patients with cardiovascular or cerebrovascular diseases has reported the association between microalbuminuria and increased mortality, even though the cutoff value for microalbuminuria was lower than the normal value. 16) Previous studies on the association between obesity and microalbuminuria have been conducted. 17, 18) However, the correlation between metabolic syndrome and microalbuminuria has not been fully elucidated. [19] [20] [21] Therefore, this study aimed at investigating the differences in the risk for microalbuminuria among individuals with various obesity phenotypes according to the presence or absence of metabolic disorders.
METHODS

Study Population
The Korea National Health and Nutrition Examination Survey were selected via systematic sampling, and a two-step sampling was performed. 22) In this study, data obtained from the KNHANES (2011) (2012) (2013) (2014) 
Definition of the Variables
Obesity was defined as BMI ≥25 kg/m 2 based on the Asia-Pacific guidelines of the World Health Organization. 23) The metabolically unhealthy group included patients who met at least two of the following criteria according to the National Cholesterol Education Program ATP-III guidelines for metabolic syndrome, 24) except for waist circumference: 10, 11, 25) (1) systolic and diastolic blood pressure ≥130/85 mm Hg or the current use of hypertensive drugs, (2) triglyceride level ≥150 mg/ dL, (3) HDL level <40/50 mg/dL (in both men and women), and (4) fasting blood glucose level ≥100 mg/dL or the current use of oral anti- National Kidney Foundation. 26) Smokers were classified as smokers or non-smokers based on their current smoking status. Drinking was defined as regular alcohol consumption of more than 40 g per day in men and 20 g per day in women. 27) Physical activity was defined as high-intensity exercise more than 3 times a week for 20 minutes or moderate-intensity exercise 5 times a week for more than 30 minutes.
28)
Statistical Analysis
Collected data were analyzed using IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). A P-value <0.05 was considered statistically significant. In Table 1 In the KNHANES, when weights are used in data analysis, inclusion errors, unequal extraction rates, and the non-responding errors of the respondents are corrected. Therefore, the representativeness and accuracy of the target population, the health behavior of individuals in Regular drinkers include women drinking more than 20 g of alcohol per day and men more than 40 g per day. § A history of high-intensity exercise at least 3 times in a week, which includes running, hiking, and fast cycling for more than 20 minutes at a time, or moderate-intensity exercise at least 5 times in a week, which include slow swimming, tennis (doubles), and volleyball for more than 30 minutes at a time.
∥
Four levels of income quartile.
Korea, chronic diseases, and food and nutrient intake may be modified. In this study, all statistical analyses were performed using a weighted composite sample.
RESULTS
For each obesity subtype group, a total of 7,016 (49.7%), 1,936 (14.5%), 3,350 (19.7%), and 2,966 (19.4%) participants were included in the MHNO, MHO, MUNO, and MUO groups, respectively. The baseline characteristics of the respective groups are shown in Table 1 . Significant differences were observed in all items among the groups. Microalbuminuria was observed in 1,003 (5.7%) participants aged ≥19 years.
As shown in Table 2 
DISCUSSION
The results of the present study showed that the MUO group was at the highest risk of developing microalbuminuria, followed by the MUNO and MHO groups. In particular, the MUNO group was significantly at risk for microalbuminuria compared to the MHNO group. In other words, even in the groups with normal BMI, metabolically unhealthy participants were at an increased risk of developing microalbuminuria than the metabolically healthy participants. This finding suggests that metabolic disorder is associated with the development of microalbuminuria, which is consistent with the findings of previous studies that emphasized the importance of metabolic health. 6, 9, 10) Hamer and Stamatakis 6) have reported that the MHO group was not at a higher risk for cardiovascular diseases or death compared with the MHNO group, and if an individual is diagnosed with a metabolic disorder, the risk for cardiovascular diseases and mortality increases regardless of the presence of obesity. In contrast, Hinnouho et al. 10, 11) have concluded that the obese group was at a similar risk for cardiovascular diseases and death regardless of metabolic health, and the MUO group was at a higher risk for type 2 diabetes mellitus. Calori et al. 9) have reported that obesity along with insulin resistance was not associated with an overall increased risk for cancer-or cardiovascular disease-related death unlike obesity alone. In Korea, a 10.3-year follow-up study on 2,317 elderly individuals aged ≥60 years showed that the MUNO group was at a higher risk for mortality than the MHO group.
29)
The results of the present study showed a higher prevalence of microalbuminuria in the MHO group than in the MHNO group. This finding supports the results of a previous meta-analysis showing that the obese groups were at a higher risk for cardiovascular diseases and cardiovascular disease-related death and higher carotid intimal thickness than the non-obese groups. 30) A previous study has confirmed the correlation between obesity and microalbuminuria, 17) although some studies have claimed that this result was not valid or only applicable in certain subgroups. [19] [20] [21] In a study on Korean participants, obesity was independently associated with microalbuminuria, which is similar to other factors related to metabolic syndrome.
29)
The definition of metabolic disorder varies among studies but generally involves the criteria for metabolic syndrome or surrogate markers of insulin resistance. 30) Because the markers for insulin resistance could not be acquired owing to the limitations of the KNHANES data, metabolic disorder was defined as the presence of two or more of the criteria (excluding waist circumference) for metabolic syndrome. This was consistent with the results of previous studies by Ortega et al. 25) and Hinnouho et al. 11, 12) The waist circumference criterion was excluded because it has collinearity with BMI, as also shown in previous studies. 10, 11, 25) The present study has a key strength in that the use of the KNHANES data made the results generalizable to Korean adults partly due to the large sample size. However, the causal relationship could not be clarified, which a well-known limitation of cross-sectional studies and could not be avoided. Second, microalbuminuria was assessed only once. Thus, there was a possibility of error. Furthermore, data on the use of concomitant medications, including antihypertensive, antidiabetic, and lipid-lowering drugs, were included. However, data on the components of each drug were not considered, which another limitation of this study. Therefore, patients who were taking antihypertensive and antidiabetic drugs were considered to have high blood pressure and high fasting blood glucose levels, respectively. However, those who were taking medications for dyslipidemia were not considered to have high triglyceride or low HDL-cholesterol levels.
In conclusion, this cross-sectional study that targeted Korean adults confirmed differences in the risk for microalbuminuria among individuals with various obesity phenotypes. The MUNO group was at a higher risk for microalbuminuria than the MHNO group, suggesting that the prevention of several chronic diseases is necessary if the signs of metabolic disorder are evident regardless of normal body weight.
